The coypu, Myocastor coypus (Molina, 1782) , is a large semi-aquatic herbivorous rodent native to South America that has established feral populations worldwide, mainly as a consequence of escapes and releases from fur farms (BOUNDS et al. 2003 , CARTER & LEONARD 2002 . In most regions, the coypu is considered a pest because it causes damage to water control structures, crops, and marsh systems (GOSLING & BAKER 1991 , REGGIANI et al. 1993 and is host to parasites that affect humans and livestock (EL-KOUBA et al. 2009 ).
In Japan, a wild coypu population became established in the 1950s, and reports of agricultural crop damage emerged in the early 1960s (MIURA 1994) . Because of the lasting effects of the agricultural crop damage caused by the coypu, the species has been hunted for eradication and control since 1963 (MIURA 1994) . Although more than 50,000 animals were killed in the last 10 years (MINISTRY OF ENVIRONMENT, JAPAN 2011), the coypu habitat has expanded and crop damage has increased to more than $1 million annually, mainly in western Japan (MINISTRY OF 
AGRICULTURE, FORESTRY AND FISHERIES, JAPAN 2009).
The coypu has been successfully eradicated from a large area in England (GOSLING 1989) and two small areas in the USA. Furthermore, populations in several countries are controlled to reduce crop damage (CARTER & LEONARD 2002) . Investigations on the reproductive biology of the coypu can enhance our understanding of the population dynamics of the species, and help in the development of efficient eradication and control programs (GOSLING & BAKER 1987) . There is considerable variation in coypu reproductive parameters among populations and their habitats (ATWOOD 1950) , and little information is available on the fecundity of the coypu in Japan. To enhance the efficiency of control or eradication efforts, our objective was to examine the reproductive biology of the coypu in the country.
MATERIAL AND METHODS
Our study was conducted in the city of Kurayoshi, Tottori prefecture (35°30'N, 134°14'E), western Japan (Fig. 1) estimation based on body weight and molar eruption pattern, we determined that both males and females reach sexual maturity at 4-6 months of age. Of the 72 mature females examined, 60 (83.3%) were pregnant, with a mean litter size of 6.5 ± 2.4 (mean ± SE). The onset of sexual maturity in the western Japanese population was relatively earlier when compared with indigenous and other introduced populations. Furthermore, the population in Japan had relatively higher pregnancy rates and larger litter sizes, without obvious seasonal fluctuation. These observations may imply that the hunting pressure in Japan in the past 50 years has been strong enough to select individuals that mature earlier;
however, nothing in the present habitat of the coypu population seems to be limiting reproduction. The relatively high reproductive potential of the present population in the mild climate of western Japan must be considered when determining appropriate management measures for this species.
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developed corpus luteum and/or follicles, 2) mature non-pregnant females with a well developed corpus luteum and/or follicles, and 3) immature females with no sign of reproductive activity. When a female was pregnant, the number of fetuses was recorded. The age of each coypu was estimated using two methods: body weight (SHERFY et al. 2006) , and sequential molar eruption (MIURA 1977) . In brief, the age of each coypu was estimated using body weight with the following model (SHERFY et al. 2006) :
where Wt is the body weight (grams) for age t (number of months), A is the asymptotic value of body weight (6163.2 for males and 5382.2 for females), e is the base of natural logarithms (2.718), k is the value of the dependent variable at the point of maximum growth rate (6.429 for males and 5.382 for females), and b is the growth-rate parameter (0.152 for males and 0.178 for females).
Based on the sequential eruption of the right mandibular molar, animals were grouped into the following four dental age classes (I-IV) and their age was estimated according to the criteria described in a previous report (MIURA 1977) : dental age class I, incomplete eruption of the first molar (<2 months old); dental age class II, complete eruption of the first molar and incomplete eruption of the second molar (2-6 months old); dental age class III, complete eruption of the second molar and incomplete eruption of the third molar (6-14 months old); dental age class IV, complete eruption of the third molar (у4 months old).
Seasonal variation in the proportion of pregnant females and litter size was examined using the Fisher's exact test (twotailed) and the Kruskal-Wallis analysis, respectively. The Fisher's exact test was performed using a web-based program available at http://in-silico.net/statistics. Kruskal-Wallis analysis was performed using the program SPSS for Windows, Version 12.0, SPSS Inc., IL, USA.
RESULTS
Of the 113 males examined, 78 were classified as mature (Fig. 2) . The weight of the smallest male animal classified as mature was 1.50 kg and its dental age class was II; according to the body weight and dental age class, this animal was estimated to be about four months old. All males weighing у2.15 kg were classified as mature and their dental age classes were III or IV. These animals were estimated to be older than six months.
Of the 99 females examined, 72 were classified as mature; 58 of them were pregnant [overall pregnancy rate was 83.3% (60/72)] and 14 were not pregnant but had a well-developed corpus luteum and/or follicles (Fig. 3) . The weight of the smallest female animal classified as mature was 1.75 kg and its dental age class was II; the animal was estimated to be about four months old. All females weighing у2.50 kg were mature and their dental age classes were III or IV. These animals were estimated to be older than six months. winter temperatures of 5.0°C (December through February) and summer temperatures of 24.8°C (June through August). The average local annual precipitation is 1914.0 mm, including 214 cm snowfall (Japan Meteorological Agency). The number of freezing temperature days, with a daily minimum temperature of 0°C or less and a daily maximum temperature of 5°C or less (GOSLING 1981) , is approximately 10 in a year, which are distributed.
Between February 2010 and January 2012, a total of 212 coypu were obtained from trappers during routine wildlife management activities conducted by the administration of Tottori prefecture, using cage traps. After being anesthetized with an intraperitoneal injection of 60.0 mg/kg sodium pentobarbital (Somnopentyl, Kyoritsu Seiyaku Co., Tokyo, Japan), all animals were euthanized with an intracardiac injection of 150.0 mg/kg potassium chloride and transported to the laboratory. We determined the sex of each coypu according to the external genitalia as described previously (BOUNDS et al. 2003) , and recorded the body weight to the nearest 50 g.
The entire reproductive tract of each coypu was dissected out and examined. The reproductive activity of males was assessed by microscopic examination of a smear taken from the freshly cut surface of the cauda epididymis. If copious amounts of sperm were present in the smear, the coypu was considered sexually mature (WILLNER et al. 1979) .
The reproductive activity of females was determined on the basis of a macroscopic examination of the uterus and ovaries. Each uterus was opened and examined for the presence of fetuses. Each ovary was cut with a scalpel into longitudinal sections. If a well-developed corpus luteum (>0.5 mm in diameter) and/or follicles (>2.0 mm in diameter) were present in the ovaries, the coypu was considered sexually mature (FELIPE et al. 1999 (FELIPE et al. , 2000 . Hence, three reproductive statuses were distinguished in females: 1) mature pregnant females with a well Seasonal variation was not detected in the proportion of pregnant females or in litter size (p = 0.2597 and 0.096, respectively) (Fig. 4) . The overall mean litter size was 6.5 ± 2.4 (mean ± SE) with a range of 1-12 fetus(es) per pregnant female.
DISCUSSION
Our results show that, in western Japan, the coypu may reach sexual maturity at 4-6 months of age, regardless of sex, similar to the age of maturity of other introduced populations in the USA (ATWOOD 1950 , WILLNER et al. 1979 ), England (GOS-LING 1974 , LAURIE 1946 , NEWSON 1966 , and Italy (COCCHI & RIGA 2008) , and less than that of indigenous population in Argentina (males: 8-11 months; females: 5-10 months) (GUICHÓN et al. 2003) . PURVIS et al. (2001) suggested that sustainable harvesting of wildlife populations should exert a strong selective force for earlier maturity. Approximately 50 years of hunting pressure on the present population (MIURA 1994) may have induced the coypu's rapid growth to sexual maturity in western Japan, as observed in other introduced populations.
We observed the presence of pregnant females throughout the year, confirming that the coypu is a non-seasonal breeder, as reported for indigenous and other introduced populations (ADAMS JR 1956 , GOSLING 1974 , LINSCOMBE et al. 1981 , NEWSON 1966 , WILLNER et al. 1979 . The overall pregnancy rate of the present population (83.3%) was higher than that of the population in Maryland (64.9%) (WILLNER et al. 1979 ) and similar to the pregnancy rates of populations in other parts of the USA (approximately 80-100%) (ADAMS JR 1956 , ATWOOD 1950 . Relationship between sexual maturity and body weight/dental age class in coypu in western Japan. (2) Males: animals with (; n = 78) and without (; n = 35) copious amounts of sperm in the smear taken from the freshly cut surface of the cauda epididymis; (3) Females: pregnant animals (; n = 58) and non-pregnant animals with (; n = 14) and without (; n = 27) well-developed corpus luteum (>0.5 mm in diameter) and/or follicle(s) (>2.0 mm in diameter). Dental age class I: incomplete eruption of the first molar; dental age class II: complete eruption of the first molar and incomplete eruption of the second molar; dental age class III: complete eruption of the second molar and incomplete eruption of the third molar; dental age class IV: complete eruption of the third molar 2 3 Figure 4 . Seasonal variation in the proportion of pregnant females within the matured females (; n = 20, 15, 21, and 16 of matured females in spring, summer, autumn, and winter, respectively) and litter size (; n = 16, 10, 20, and 14 of pregnant females in spring, summer, autumn, and winter, respectively) in coypu from western Japan. Spring, summer, autumn, and winter: March through May, June through August, September through November and December through February, respectively. Values for litter size are expressed as mean ± SE. 1970 , LINSCOMBE et al. 1981 . Although KILNER et al. (1987) reported seasonal fluctuation of the pregnancy rate in the Louisiana population, ranging from 58% in May to 100% in Febru-ary, no obvious seasonal variation was evident in the population of Kurayoshi. This discrepancy may result from the plentiful food resources throughout the year in western Japan, owing to the fewer days when the temperature is below freezing. Because roots and rhizomes, the primary winter food supply of the coypu (ELLIS 1963 , GOSLING 1974 , are relatively inaccessible when the ground is frozen, freezing temperatures may result in depleted fat reserves, a condition directly linked with reproductive failure (GOSLING 1981) .
EVANS
The present population showed a relatively large mean litter size (6.5) compared with mean litter size obtained from other introduced populations (4.0-6.0) (ADAMS JR 1956 , BROWN 1975 , GOSLING 1986 , LINSCOMBE et al. 1981 , NEWSON 1966 , WILLNER et al. 1979 . The larger mean litter size observed in the present study may be partly because of the absence of a drop in litter size during winter, as observed in populations from the USA (WILLNER et al. 1979) and England (NEWSON 1966) . The lower mean litter size during winter may result from high fetal mortality, as suggested previously (GOSLING 1981) , and the larger litter size we observed suggests that the winter cold in the present study area was too mild to cause fetal death.
Cold weather is an effective factor limiting coypu reproduction (NEWSON 1966 , REGGIANI et al. 1995 , WILLNER et al. 1979 and helps eradication (GOSLING & BAKER 1989) . Unfortunately, the present results may indicate that the winters of western Japan are too mild to limit coypu reproduction. BROWN (1975) suggested that adult females may produce two or more litters per year (mean = 2.7) in areas with mild climate and plentiful food. In the present study area, this would represent a total maximum reproductive potential, which would be approximately 17.6 (6.5 × 2.7) young per adult female per year, assuming no brood was lost. The high reproductive potential resulting from lack of seasonal fluctuation in the pregnancy rate and litter size of the present population must be considered when determining appropriate management measures for this species in Japan.
ACKNOWLEDGMENT
We would like to thank Hideki Nishimura for generously supplying coypu samples.
LITERATURE CITED

